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Abstract 
 
The loss of olfactory sensitivity is thought to be one of the earliest signs of Alzheimer’s 
and Parkinson’s disease (Hummel et al, 2003). Drosophila melanogaster provides a potentially 
powerful model to study the biochemical mechanisms mediating this phenomenon because it 
offers a wide range of genetic tools and olfactory-mediated behaviors. Previous research on the 
olfactory system of Drosophila suggests that the olfactory receptor, Or83b, is required for a 
functional olfactory system (Larsson et al, 2004). However, there is little known about how 
olfactory receptors function to translate chemical signals into a behavioral response. The 
objective of this study was to examine the Drosophila olfactory receptor function of Or83b 
using a behavioral assay and siRNA knockdowns. Wild type strains were used to initially test the 
capabilities of a behavioral assay. Subsequent tests were conducted with two strains of yeast: 
Candida albicans and Saccharomyces cerevisiae. The GAL4-UAS system was used to create 
Or83b knockdowns to be tested on the assay. The results suggest that Or83b is used to locate 
food and is also used in locating other individuals to find food. This experiment provides new 
insight into the biochemical basis of olfactory reception in Drosophila.  
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Introduction 
 
 The sense of smell is usually overlooked by most but can have a significant impact on 
our lives. When the sense of smell is lost it can be difficult to taste the difference between 
foods, distinguish between ripe or spoiled vegetables and in the worst scenario, the ability to 
smell a fire. It is believed that 1% of the US population experiences the complete loss of smell. 
In a recent study, 24% of participants between the ages of 53 and 97 exhibited impaired 
olfactory function (Hummel et al, 2003). 
 Three main causes of olfactory disorders are (1) head injury, (2) infections of the upper 
respiratory tract (URI) and (3) sino-nasal disease. In both, Alzheimer’s and Parkinson’s disease, 
loss of olfactory sensitivity is thought to be one of the earliest signs of the disease (Hummel et 
al, 2003). Other etiologies include, psychiatric diseases (e.g., schizophrenia, depression), 
epilepsy, sarcoidosis, lupus erythematodes, pregnancy, diabetes, hypothyroidism, renal failure, 
liver disease and neoplasms of the brain. 
 In the past decade a standardized method for olfactory testing has been investigated. 
Some examples of test are the UPSIT, “Sniffin’ Sticks,” or the CCCRC test. However, little 
research in this area has been done to produce a systematic approach. This brings about the 
following questions: How can an organism detect or discriminate between thousands of 
chemical stimuli that are an integral part of behavior? And, what are the mechanisms of signal 
transduction that lead to the appropriate behavioral outputs? 
Olfactory quantification could be looked at through a genetic lens. In recent years, the 
vinegar fly, Drosophila melanogaster has become the prominent study model for olfactory 
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receptor function.  Drosophila grants the use of many powerful molecular genetic approaches 
to study olfactory system function. In addition, they have a wide range of olfactory-mediated 
behaviors, which provides the opportunity to develop novel methods of assaying the 
functionality of their olfactory systems at the behavioral level.  The objective of this study was 
to examine the Drosophila olfactory receptor function of Or83b using a behavioral assay and 
siRNA knockdowns. 
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Background 
 
Olfaction in animals is mediated by the interaction of volatile ligands with a set of 
specialized membrane proteins called odorant receptors (Ors). 
1.1 Physiological Components of Olfaction 
The peripheral olfactory system of Drosophila has physiological components whose 
structure and function are only beginning to be understood. They system is made up of two 
bilaterally symmetrical pairs of organs, the third antennal segments and the maxillary palps 
which are covered in olfactory sensilla (Tunstall et al, 2012). Odorant molecules pass through 
pores in sensilla and travel into the aqueous lymph compromised of accessory cells; from there, 
they are transported into the plasma membrane of olfactory receptor neuron (ORN) dendrites 
where they bind to olfactory receptor proteins generating a change in potential, triggering an 
action potential (example of this in Figure 1). 
1.2 Olfactory Receptor Neurons 
 Olfactory receptor neurons are the main component of the cellular pathway for odorant 
information transduction. They were initially thought to be GPCRs because of their seven 
transmembrane domains. However, they have an intercellular N-terminal domain and an 
extracellular C-terminal domain; which is exactly the opposite orientation of traditional GPCRs. 
Studies suggest the function of Ors is either a heteromeric complex of a ligand-binding Or 
protein and Or83b which together form a ligand-gated ion channel or Or83b forms a channel 
that physically associates with a ligand-binding Or and is activated directly by odorants binding 
to the ligand-binding Or (Figure 1) (Tunstall et al, 2012). 
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1.3 Classes of Olfactory Receptor Neurons 
 Firing patterns of ORNs encode chemical information from odorants by specific firing 
patterns. These patterns contain information about odor quality (chemical type), intensity 
(concentration) and dynamics (fluctuations in response time). Using insect olfaction in vivo 
measurements have been taken from either populations of ORNS or individual ORNS. Single 
unit electrophysiology recordings of ORN action potentials, has produced patterns indicative of 
a limited amount of separate functional classes. Each class responds to a different set of odors 
and these responses have diverse properties; suggesting that Drosophila ORNs dynamically 
encode odors. A single ORN responds to multiple odorants while a single odorant stimulates 
multiple ORN classes. The functional classes of ORNs have a broad spectrum of responses; 
some classes respond to a wide range of odors while others are tuned to specific odors (Table 1 
in Tunstall et al, 2012). 
Figure 1. Physiological and biochemical breakdown of olfactory reception in Drosophila. The 
left side of the figure, is a physiological view of the pathway an odorant takes to get to the 
ORNs. The right side, shows two potential mechanisms used to transduce olfactory 
information. 
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Table 1. Organization of the different Ors within ORN classes (Tunstall et al, 2012). 
1.4 Or83b 
 Or genes were mapped using in vivo experiments with Or22a null mutants. These 
mutants still have the odorant receptor but it is not stimulated by odorants. A multitude of Ors 
were expressed in these mutants and monitored for odorant response using the UAS-GAL4 
system; a neuron class system was born (Table 1). Patterns revealed that ORNs express more 
than one receptor and instead are co-expressed in the same neuron. It was also found that 
there is a widely expressed coreceptor, Or83b, which is believed to modulate ligand responses. 
Or83b is a highly conserved Or gene and is expressed in almost all ORNs. Expression of only 
Or83b in ORNs does not elicit a strong response to odorants; potentially meaning that it does 
not have ligand-binding capabilities. It interacts with other Ors by forming dimers and improves 
the functionality of the receptors (Neuhaus, 2005). 
1.5 UAS-GAL4 System  
The UAS-GAL4 system was used to manipulate Or83b receptor function and ‘knock 
down’ the odorant response. GAL4 is a transcription activator found in the yeast 
Saccharomyces cerevisiae. Activation of transcription starts upon binding of GAL4 to the UAS 
(upstream activating sequence) element. Regulation of gene expression is dependent on the 
UAS element GAL4 binding sites. Mating of driver and responder lines activates transcription of 
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the gene of interest in a tissue specific manner (depicted in Figure 2). The progeny from the 
cross will express the responder in a transcription pattern similar to the driver. The system is 
temperature specific and is most efficient at 29°C. For this project, two neural specific drivers 
were used to ‘knock down’ Or83b using RNA-mediated gene interference (RNAi) (Duffy JB, 
2002). 
 
Figure 2. UAS-GAL4 Cross Schematic. Two parents are crossed to produce progeny with a 
knockdown of a targeted gene. One parent carries the GAL4 driver and the other carries the 
UAS responder RNAi construct. The progeny then has the GAL4 gene, which codes for a 
powerful transcriptional activator that triggers expression of the hairpin RNAi trigger, 
resulting in siRNA sequences. These siRNAS then result in the degradation of the target 
mRNA. 
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Materials & Methods 
 
As discussed before, olfactory reception in Drosophila was studied using two separate 
approaches, a behavioral assay and a binary gene expression system.  
2.1 Development of Behavioral Assay 
 In addition to conducting biochemical analysis, I wanted to study the use of olfactory 
information in the context of feeding behavior. I started to develop a prototype using previous 
research conducted by a CAFÉ assay (see procedure in Ja et al, 2007). I took advantage of the 
flies’ natural attraction to yeast, which they locate through the use of olfactory cues. The 
chamber granted ample room for the flies to navigate; a polystyrene disposable 100 x 15mm 
Petri Dish (VMR International) was used. Four 1- 5 micro liter calibrated pipettes (Drummond 
Scientific Company) were inserted into a ceiling of Styrofoam; this monitored placement 
presented food in a contained and measurable manner. 
 Preliminary data from 20 trials using wild-type flies was collected. Results showed that 
wild-type flies took a longer time to find the sucrose food than the yeast food (Figure 5). To 
analyze the data a t-test was performed; results from this showed that there was a statistical 
difference between. 
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Progeny from crosses between the Orco31278 and Orco31279 RNAi lines and neural 
OrcoGAL4 drivers were tested to check their olfactory ability. Experimental flies were starved 
overnight for 15-16 hours in an incubator at 28°C in empty feeding tubes with gently dampened 
filter paper, to keep from drying out. CO2 was used for easy transfer into the testing apparatus. 
An adjustment period of 20-30 minutes was mandatory before testing. Twenty flies were set 
into the chamber and observed for ten minutes (Figure 3).  
Figure 3. Behavioral Assay Zoom. In each trial, 20 naïve flies were placed in a Petri dish. After 
knock out recovery (approx. 20-30 minutes), four tubes containing the food of interest where 
inserted in pre-made holes in the Styrofoam ceiling.  This apparatus rested on Plexiglass 
between two containers and viewed underneath by a video camera. A single source of light 
was used to mimic a natural environment. 
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2.2 Olfactory Testing Odorants  
Different food odorants being tested were Active Dry Yeast (Saccharomyces cerevisiae 
from Red Star, Duffy Lab, WPI), and Candida albicans and Saccharomyces cerevisiae  (Prust-Rao 
Lab, WPI). These strains were incubated at 37 °C overnight on LB media. Colonies were 
collected after a 24 hour incubation period and suspended in a 25% sucrose solution. Followed 
by a 24 hour room temperature incubation; promoting growth. Accurate measurements of food 
intake were accounted for by adding food coloring (Great Value Assorted Food Colors & Egg 
Dye: Red FD&C RED 40 and Blue FD&C BLUE 1 (0.1% Propylparaben – preservative) to the 
mixtures. 
2.3 Selection of RNAi Lines 
  Fly base was used to choose two RNAi strains (dsRNA-JF01220 & dsRNA-JF01219) which 
specifically targeted different exons of the Orco mRNA sequence (Figure 4). dsRNA-JF01219 
targets a single exon sequence, while dsRNA-JF01220 is complementary to a sequence in two 
separate exons. Using two RNAi triggers was critical in ensuring for specific levels of knockdown 
expression (specific sequence and 
genomic information included in 
appendix). 
 
Figure 4. RNAi1 represented by the red squares is JF01220 and RNAi2 in green is JF01219. 
These RNAi’s form siRNA that degrade the sequences directly above them in orange. The 
orange boxes represent exons and the long blue box is the entire Or83b gene. 
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2.4 Genetic Crosses 
Virgins from the OrcoGAL4 driver strain were crossed with the RNAi UAS responder 
lines: Orco31278 and Orco31279. Crosses were maintained at 20°C, 25°C and 28°C, to control 
GAL4 activity as needed. Progeny were collected and sorted by phenotype, and examined for 
phenotypic effects. Wild-type flies were also maintained as needed for experimental controls. 
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Results 
  
3.1 Behavioral Assay 
 Preliminary data was collected to study the parameters of the assay. Exploring the 
behavioral effects of olfactory interruption was quantified by looking at the average time it took 
for the first fly to find food. In wild-type flies, the average first feeding time for active yeast 
ingredient was significantly lower than the average first feeding time for sucrose (p-value was 
0.0019); indicating the wild-type flies are attracted to odorants released by yeast. 
 
Figure 3. Wild-type flies used olfactory cues from yeast to locate food. In some trials sucrose 
was not found at all. Statistical significance between the sucrose and yeast was found using a 
t-test, which gave a p-value of 0.0019, t of 3.680 and df of 17. 
3.2 Wild-type Odorant Attraction 
 Similarly, as seen above, the wild type flies, on average, found all three yeast strains 
significantly faster than Sucrose; this is additional data that supports yeast attraction. 
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Figure 4. Average time for the first wild-type fly to find a tube containing food. All yeast 
strains were found at a significantly lower average time than sucrose by wild-type flies. 
Interestingly, the ‘Yeast’ and ‘S.cerevisiae’ are the same strains of yeast; the ‘Yeast’ is in a 
dried form, while the ‘S.cerevisiae’ was grown on plates. 
3.3 Or83b Mutant Odorant Detection 
Or83b mutants (ORN-) displayed a different behavioral response to the food scenarios. 
Mutants still found S.cerevisiae faster than sucrose but they found sucrose faster than 
C.albicans. A possible explanation is that the mutants are still able to identify an odorant in the 
S.cerevisiae that is not present in C.albicans, even though they are both yeasts. It is important 
to note that mutants found sucrose at a time similar to wild-type; this supports the behavioral 
capabilities of the assay. Previous research has shown that sucrose does not release an odorant 
that wild-type flies can identify; therefore, a fully functioning olfactory system is not required 
for finding sucrose. 
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Figure 5. Average time for the first mutant fly to find a tube containing food. Surprisingly, 
‘C.albicans’ was found later than ‘Sucrose’. This does not support earlier findings and could 
be due to low levels of knockdowns. 
3.4 Wild-type Follower Feeding 
 Follower feeding time takes into account the possibility of other factors attracting 
Drosophila to food. The time after the first fly had fed on a food tube was the baseline for these 
observations. After starting the time from the first feeding event, the subsequent time it took 
the next fly to find the first tube that was fed on was recorded; referred to as the primary tube. 
Mutant flies all found primary food tubes; hinting that olfactory receptors may not need to be 
functional; and that there is a possible additional pathway responsible for recognizing this 
odorant. Pheromones, although they are odorants, use a different olfactory pathway for 
detection and could be considered. 
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Figure 6. Wild-type flies fed on the first food tube in all food cases. All average follower times 
for the yeast strains were statistically different from sucrose. An ANOVA gave a p-value of 
0.0053 and a Kruskal-Wallis statistic of 10.49. A Chi-squared test gave a chi-squared value and 
a p-value of 10.97 and p<0.01, 26.67 and p<0.0001, 39.19 and p<0.001 and 3.76 and p=0.0053 
for Sucrose, Yeast, C.albicans and S.cerevisiae respectively. 
3.5 Or83b Follower Feeding    
Or83b mutants (ORN-) only found primary tubes in the cases where yeast was present.   
However, each subset of flies still initially found food (Figure 11). In this case, to extrapolate 
results from the data, the proportion of trials in which flies found the primary tube was looked 
at. The proportion in wild-type trials was over 0.25 in each case; suggesting that follower 
feeding was not random (Figures 9 & 10). On the other hand, the proportion of trials where 
Or83b mutants found the primary tubes was between 0 and 0.25; arguing that follower feeding 
was significantly diminished without a functional Or83b receptor (p-values between 0.0001 and 
0.01). It could be that the combination of Or83b ‘knock down’ and other odorants were not 
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differentiated; meaning the mutants were attracted to more prominent odorant; the food 
odorant and not the potential odorant released by the first feeding fly. 
 
Figure 7. Proportion of wild-type trials in which follower flies found the primary food tube. 
The dotted line represents the proportion (0.25) that would be expected in a random 
behavioral response. In all cases the proportion of trials where flies displayed a follower 
effect was above 0.25 
 
Figure 8. Proportion of mutant trials in which follower flies found the primary food tube. All 
trials were at or below the random proportion mark of 0.25. Indicating, that in most cases 
mutants found the primary tube by chance.  
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Figure 9. Or83b mutants fed on the first food tube in two cases. Mutants were unable to find 
the primary tube filled with sucrose. The difference between the average times for 
‘C.albicans’ and ‘S.cerevisiae’ was statistically different (p-value of <0.05). An ANOVA gave a 
p-value of 0.0193 and a Kruskal-Wallis statistic of 7.899. 
3.6 Selection of RNAi Lines 
 RNAi responder lines for the Or83b olfactory receptor were obtained. They both were 
located on the third chromosome. 
Transformant ID Gene Chromosome 
Orco 31278 Or83b 3 
Orco 31279 Or83b 3 
Table 2. RNAi responder lines that were crossed with OrcoGAL4. 
3.8 Preliminary Crosses with all RNAi  Lines 
RNAi responders (above, Table 2) were crossed with one GAL4 driver (OrcoGAL4). These crosses 
assessed the effects of gene specific knockdown for the Or83b olfactory receptor gene. Progeny from all 
four crosses contained the Or83b knockdown. 
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Crosses Red 
Eyes 
Yellow 
Eyes 
Tubby Not 
Tubby 
Orco GAL4 F x Orco 31278 M     
Orco GAL F x Orco 31279 M     
Orco 31278 F x Orco GAL4 M     
Orco 31279 F x Orco GAL4 M     
Table 3. Phenotypes of Orco UAS-GAL4 crosses. 
3.9 Crossing OrcoGAL4 to UAS-OrcoRNAi31278 & UAS-OrcoRNAi31279 
 Knockdown of Or83b did not have any behavioral phenotypic abnormalities with both drivers; 
except for olfaction. The flies still exhibited antigravitactic behavior and did not show movement 
problems (data not shown); there was no evidence suggesting neurons involved with mobility were 
affected.  
 
 23 
Discussion 
 
 Olfactory reception may not be a pressing issue in itself, but it has far reaching 
influences. Dysfunction of this system has been linked to Parkinson’s and Alzheimer’s diseases 
which are two of the most prevalent killers in the world. Studying the mechanisms of olfactory 
degeneration could give insight into the loss of memory and general neuronal dysfunction. This 
problem could be attacked through a behavioral or genetic approach. The findings from this 
study could suggest that Drosophila could be the model organism. 
 Previous research examining a connection between behavior and olfaction has focused 
on attractive or repellent properties. Stimulating single ORNs within an intact olfactory system 
using photo-activation has confirmed that single ORNs contribute to olfactory behavior. The 
ab1c neuron expressing Gr21a and Gr63a is the only ORN necessary to mediate an escape 
response (Jones et al., 2007; Suh et al., 2007). In this case, the ORN is specifically tuned to an 
aversive in response to the recognition of CO2. This could be an example of a starting point for a 
designated pathway and any olfactory receptor already serves as an inducer for a 
predetermined response; either attraction or repulsion (Semmelhack and Wang, 2009). There is 
still a need to investigate how a combination of these finely tuned receptors could integrate 
their information into a behavioral response. The results above support these findings and 
expand this behavioral response to food olfaction. However, this study did not take into 
account the effect of visual cues on finding food.  A way to downplay this sense is to use a t-
maze assay performed in darkness. 
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 Many reports have shown that adult flies primarily rely on visual inputs compared to 
olfactory inputs. This appears ecologically plausible. Unfortunately this study did not take this 
into account. However, the ability of the Or83b mutants to still find food sources could be 
explained by this fact. 
 There also appears to be a link between visual and olfactory stimulation. Larvae photo-
activation of Or83b and Or45a ORNs led to an attraction toward illumination. However, the 
expression of a single ORN produced an avoidance behavior induced by blue or white light 
(Bellmann et al., 2010). Larvae receptors may simply detect odorants while neurons direct a 
specific behavioral response. 
 Extensive techniques have been developed to study olfaction on the cellular and 
microbiological level but have not been able to link these responses to behavior. Behavioral 
responses on the neuronal level seem to involve higher brain centers; instead of behavior being 
mediated by receptors, it is a culmination of sensory information obtained from different types 
of receptors. Psychology and science are beginning to create techniques that bridge the gap 
between physiology and biochemistry.  
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Appendix 
 
dsRNA-JF01219 
31278 RNAi trigger 
 
GAGTCGGATGCTCGTTACCATTCGATCGCACTGGCGAAGATGAGGAAGCTGTTCTTTCTGGTGATGCTG
ACCACAGTCGCCTCGGCCACCGCCTGGACCACGATCACCTTCTTTGGCGACAGCGTAAAAATGGTGGTG
GACCATGAGACGAACTCCAGCATCCCGGTGGAGATACCCCGGCTGCCGATTAAGTCCTTCTACCCGTGG
AACGCCAGCCACGGCATGTTCTACATGATCAGCTTTGCCTTTCAGATCTACTACGTGCTCTTCTCGATGAT
CCACTCCAATCTATGCGACGTGATGTTCTGCTCTTGGCTGATATTCGCCTGCGAGCAGCTGCAGCACTTG
AAGGGCATCATGAAGCCGCTGATGGAGCTGTCCGCCTCGCTGGACACCTACAGGCCCAACTCG 
 
Figure 10. Fly base profile of the Orco UAS31278 RNAi trigger 
(http://flybase.org/reports/FBsf0000151590.html). 
 
dsRNA-JF01220 
31279 RNAi trigger 
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Figure 11. Fly base profile of the Orco UAS31279 RNAi trigger 
(http://flybase.org/reports/FBsf0000151591.html). 
Coding Sequence 
 
GGGCATCTACAGCTCGAAAGCGGATTGGGGCGCTCAGTTTCGAGCACCCTCGACACTGCAGTCCTTTGG
CGGGAACGGGGGCGGAGGCAACGGGTTGGTGAACGGCGCTAATCCCAACGGGCTGACCAAAAAGCAG
GAGATGATGGTGCGCAGTGCCATCAAGTACTGGGTCGAGCGGCACAAGCACGTGGTGCGACTGGTGGC
TGCCATCGGCGATACTTACGGAGCCGCCCTCCTCCTCCACATGCTGACCTCGACCATCAAGCTGACCCTG
CTGGCATACCAGGCCACCAAAATCAACGGAGTGAATGTCTACGCCTTCACAGTCGTCGGATACCTAGGA
TACGCGCTGGCCCAGGTGTTCCACTTTTGCATCTTTGGCAATCGTCTGATTGAAGAGAGTTCATCCGTCA
TGGAGGCCGCCTACTCGTGCCACTGGTACGATGGCTCCGAGGAGGCCAAGACCTTCGTCCAGATCGTGT
G 
 
Orco (full length sequence) 
 
         1 TTTCACTACA CATTTATTTA GTTTGCATCT TGGGTTTACA TTAAAAGCTC TACGCGTGTA 
       61 CAAAATCGAT AAGTATTTGC AGGCTTCTAT GTGCCCCAGA ATGTCTCCAT TATGCCCCAC 
      121 GAGGCTCGCT CGTCGCAGGT ATAAAATATA TAATTTGCGT TATAATTGCT CTGTGATATT 
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      181 GCTGGTTGCA CAGTGCGGAG GGGGCAAGGG GCGGTAGGTG GCTTCTTGGC ATTCGCTTTT 
      241 CTGGTACAAA AATCCATCAG CTTCGCAGCA ACTTACTTGA GCTGCACCAG CACCATAAAG 
      301 TAGGTGACGA CGGCACCCAG AACCTGCGAA TCGGGAATAT CCGATTCAGT TTTAACTCCA 
      361 TCAATAGATC AATAAATCAA ATGCAACAAA CCGAAGCAAA CAAATCCAGG GAGACGGTGA 
      421 AGAATTTCGC TCCCGATATG CTCATCGCCT TCTGGCACTG CTGGCACACG ATCTGGACGA 
      481 AGGTCTTGGC CTCCTCGGAG CCATCGTACC AGTGGCACGA GTAGGCGGCC TCCATGACGG 
      541 ATGAACTCTG CGAAATGAAA GTCGTATTAA GGATGCTCTA GATAACTAAC TACACAAACT 
      601 ATAACTATAA CAACGTTTAG AACTATGTAT GTTTCCCAAT CTATAAACTT GAAAACATTG 
      661 GTTCAATTTT ATCTCATACG CAAAAACACC CTTTTATTTC TACCACATGG AAAAAACACA 
      721 CTGGTTAGCT TGTAGTGAAC GGACCAATCT GTTGACTCTC AACTTACAAT TCATTTAGTT 
      781 TTAATGAAGT CTCAAAATTT TTTATAAATA TCCCTATAAC TCAAATAAGG ATGTTCTCGA 
      841 TTATTAATCA GTTGAGACTG ATGTCTGATT TACTTATAAA TTTATCTTGC AACCCTGCAC 
      901 AAACTCACCT CTTCAATCAG ACGATTGCCA AAGATGCAAA AGTGGAACAC CTGGGCCAGC 
      961 GCGTATCCTA GGTATCCGAC GACTGTGAAG GCGTAGACAT TCACTCCGTT GATTTTGGTG 
     1021 GCCTGGTATG CCAGCAGGGT CAGCTTGATG GTCGAGGTCA GCATGTGGAGGAGGAGGGCG 
     1081 GCTCCGTAAG TATCGCCGAT GGCAGCCACC AGTCTGTGGG GAAAAGGCAACGGGGGAAAG 
     1141 GATGAGGGAT TGCAGGCAGG AATCAAGTCA ATATTGGTAT CAACAACTGC ACACGCCAAC 
     1201 TGTCGGACAG GACAAACAAG GACATTCCTC TAGGGCCCCC AACAATGATT GCAATTGAGG 
     1261 AAGTAATCAA GTAAGTCAAA CAAGCTGCAG GGATCTGTTG AGCTCCTAAT AAATGAGAAC 
     1321 ACATGTTCCG ATGGCGCCTA TTGAAGTTTT ACAAAACTGA GGGGAAAGTG TGTGTGTTTA 
     1381 TTATGTTCGG TGCTCTGTTA AAGGCAAAAA TCCAAGTCCA TGAAATATGA GTGGACTGCT 
     1441 CTGCCATTTA AATCGCCAAA AATCCAATCA TCACTGGCCA AAGCCCCCTT GAAATGGCTG 
     1501 GTCCAATTTG GCCAGGATTT GAACTCACCG CACCACGTGC TTGTGCCGCT CGACCCAGTA 
     1561 CTTGATGGCA CTGCGCACCA TCATCTCCTG CTTTTTGGTC AGCCCGTTGG GATTAGCGCC 
     1621 GTTCACCAAC CCGTTGCCTC CGCCCCCGTT CCCGCCAAAG GACTGCAGTG TCGAGGGTGC 
     1681 TCGAAACTGA GCGCCCCAAT CCGCTTTCGA GCTGTAGATG CCCGACATGT CCATGTCGGT 
     1741 GCCGGGATCC TTTTCTGCAA TGGAAAAACA GCTCGTCATG GCATTTTCCT ATTCAGTGAA 
     1801 GTGCTCACTG AATAACCGCC TAAAAGTTTA GGTTCAGACT CAACAAATCA CCTTCATTAT 
     1861 GAATTAGCTC CGACTTGGAG TTGGCCGACA GGGACCTGAA GAGGGCCGCC GAGTTGGGCC 
     1921 TGTAGGTGTC CAGCGAGGCG GACAGCTCCA TCAGCGGCTT CATGATGCCC TTCAAGTGCT 
     1981 GCAGCTGCTC GCAGGCGAAT ATCAGCCAAG AGCAGAACAT CACGTCGCAT AGATTGGAGT 
     2041 GGATCATCGA GAAGAGCACG TAGTAGATCT GAAAGGCAAA GCTGATCATG TAGAACATGC 
     2101 CGTGGCTGGC GTTCCACGGG TAGAAGGACT TAATCGGCAG CCGGGGTATC TCCACCGGGA 
     2161 TGCTGGAGTT CGTCTCATGG TCCACCACCA TTTTTACGCT GTCGCCAAAG AAGGTGATCG 
     2221 TGGTCCAGGC GGTGGCCGAG GCGACTGTGG TCAGCATCAC CAGAAAGAAC AGCTTCCTCA 
     2281 TCTTCGCCAG TGCGATCGAA TGGTAACGAG CATCCGACTC GGCGAACAAG GGATGCGTGT 
     2341 TCACCTGGTT CCATATATTC AATGTTCTGC CGGAAAAACA TAAAATTTTA AATTCCCCAA 
     2401 GTGTTCGTAA GCTCGGTGCG GTGAGCAGAG GCTCACCTGT AGAAATTCTT CTGGTTAACA 
     2461 GCCAGGTAGA TAAACTTCGT GATGCAGTGG GTGAAGAAGA GGGTCGTGAT CGTGTTGCCC 
     2521 GACAGCTCGT TGACCTCCTC GGCGTTCAGG GCCATGTTGA CCAGGATGAA GGTGAACTGC 
     2581 ATGAGGAGGA ACACCAGGTG CACGGAGGAG TACACCTTCT TCATGAAGGC ACTGCCGCCC 
     2641 GTGAAGTTGT GCATGAACAG GCCGGAGTAC TTCATCGCCC GGATGTTGGG CATCAGGTCG 
     2701 GCGACCAGGC CCGTGTACTT GCTCGGCTGC ATCGAGGTTG TCATCCTGTT GAGCGGCGGA 
     2761 AATTGCACGA CAAAATTAAT AGGTTTCGCC AACACAATCA GCTATTATGA ACGTAATCTG 
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     2821 TTCAATATTC CGTATTTGTG ATTAGTCCTT GGTTTGCTTG CCGAGTAGAA AAGGAATTTT 
     2881 CCTGCCCGAA ATGAATCGAT TTGGAATGTT TTATTCATAG CGGGATAATG TATAATGCAT 
     2941 ATTGAATATT CAGGTGGACT CATGTCCTCT CAAATTAATA TTAATTTGGC TATCGATCGT 
     3001 GAGTTATTAA ATTCGGAATG TGGAACAATT GTGTACGATA TATGGTTCTC TAATTGGTAA 
     3061 TATTGTAATA TTGAAAGACC CAGTGCTATT ACCTTGCTAT TGAACTTTAA AAATACAAAT 
     3121 GTAATTGTTG TCTGGTACAC TTGGGTTAAT TGAGTGCCAG TAATGCAGCA ATCATCTAGG 
     3181 CAATCATTTC ACTCTTTAAG GCTTAACCGG GATACTTTAA GATACGAGAT ATGAGGCTTT 
     3241 CCGGAACCAG GACACAGTTG ACCTGCCAGC ACCGCGATGT CGACGGTAAT GAAATGTGAA 
     3301 ATCCGGAAGG TTAAAAAGCT CTGTCGACAA GTGCCTGCTC CTTCTGTCGG CTAGGTACTT 
     3361 GCTCCGCTGT ACATAAGGAC GTGTACTTTG AGGACGAGTT CCCACGGCTG CAACAAGGCC 
     3421 ACATTAAATC CTAGCCCGCG ACTTTCACTC CGACCCACAC ATGGTAATGA AAATATACAA 
     3481 TATGGGTATC GGGCCGCCTT GGAGCGCTTA AAAATTCAGC TCTTCAGCCA CGTCCATCGA 
     3541 TGTGATGGGT GCGTGGCAGA CGCAGAATTC CCACAATTAA ATCGAACGCC CACGAACTTG 
     3601 TCCACCACTG CTGTCGTCTC CGGGTCTAGG ACTCCGCTTT TGGGCCATGG GCCATGGCCC 
     3661 AGTCCTGTGC CCTCCACGCG GCGTATGCGC ACTGGCGGAA TGGCACTGGG ACTGGAGATG 
     3721 GGCTCATCCT TGCGCGGCAT CTGCGGTATC CAAACTTATG CAAATTTTAA AAGCATCGAT 
     3781 TATTTTATTA TGCCTGCTTG TATTTGTTGG CCTGCCCCAA GTGCCGCTGA GATATGGGGA 
     3841 TAGGCCATTC CTCAGCCAAC CCATTTGGTG GGGATCCCTC CGTGAATCGC TGACCCAAAA 
     3901 AAATAACACA TTGCCTATTT GCATGAAAAT GTGTGTGTTC AGCCTGATGG ATATTTGGTC 
     3961 CTTGCTCAAT TTTTTTCGTT CTCAGTTCTC ATAGGCACTG AATTTCGGTA GGCGGGGGCC 
     4021 TTCAAAAGAA GTCTTAAATT GGGTTGCCAT TATATATTAT GAATACTTAC AATTCTTTGC 
     4081 AATTATAATA CAGTAGAATT TAAATAATTA ATACTCTATC TCAAGGTCGT ACAAGTGGCC 
     4141 TTCGAAATCA GTTAGGTAAT ATACATGTAG GCAATTAATA AAACAATTGT CTAATTCAAA 
     4201 ATCTAGTACT CAAATTGCAA CGCAAACGAA ATTGCTGAGC AGTGTATTGA ATGCTAATCG 
     4261 AAAACATCCA ATTTAGTTAT TCGAAACTAG TTGTGACAAT ATTAAAACGT GGCAAGAACA 
     4321 AAAAGCGGCG ACTATTGTGA ATAACTGAAT CACACTTAAA ACTATGTGCC GGAATGTAAA 
     4381 TGTATCTGTG TCTGTAGCTA TATCTGCAGC TAGTTTCCAC CACTCATATA CACATATGCA 
     4441 TACATATATG AATGGGAACT CAGACACAGA TGTCCCAAAT CATGGATTAT TTAAATGCAG 
     4501 GACACTCACG AACATCAATT AATACGTGAA CACTTGCCTG TGTGGATTGC GGGGATGCGA 
     4561 GCGGGGATTT AACAATATTG ATTTAACGTT TAATCGTCCT GAACTCAGCC ATGCGAAACA 
     4621 AGCCCCCCCC CCCTAAATGT TGCCCCTTTC GGTCCTTCGC TTTTTGATTT ATTTTATGGG 
     4681 CTTGTGGCTG AAAGTTTAAT TACGCGGATG CGTTTGGATC AATTAGCTAA CCGCGGACAT 
     4741 CGTGAGCCCT GCAGCCTTTT GTCATTAATT ATTAGGCAAC ATTTAAATGG AAAGTGACAC 
     4801 TTGCTTTATT TAATTTACAA CTTAAACAAA TGAGCCTTTA TTTTTACCAT TACGCTTTTG 
     4861 TGTTCGTGAC TGTGATCGAT TCTGATGCCA AATTAAATGA TTAAAACGCA CTAATGGGTT 
     4921 AATAAAGTCA CATTAACTAG AAATTATATA TTTATATAAT TATTATTAAG CGCTTTCCAT 
     4981 ATGAAATGAT ATACCCGAAG TATAGGCAAC ATTATTTTGA TTCACACCTT TATGGCCGCA 
     5041 TTTCAGCCAA AACCAAATGA TTTCCATTAG GTCGTCCACA GGATCTCTAC ATAAAATACC 
     5101 GCAAGTTGTA AAACAATAAA AACTCAAAAA TAAGCATATA AAGTTATTCA AGCAATCCAT 
     5161 CAAATCGCCC ATAAATTGCG AAATCAATGC GACACACACA CACACACACA CGCACACATT 
     5221 ATAAAAA 
(http://flybase.org/cgi-bin/getseq.html?source=dmel&id=FBgn0037324&dump=Genbank) 
